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THE  CONDITION  OF  THE  BLOOD  IN  THE 
CYANOSIS  OF  CONGENITAL  HEART 
DISEASE.1 


Notwithstanding  the  numerous  works  published  within 
recent  years  on  the  state  of  the  blood  in  disease,  we  never- 
theless not  only  need  information  as  to  the  changes  which  it 
undergoes  in  a great  variety  of  different  conditions,  but  we 
also  require  explanations  to  account  for  many  of  the  altera- 
tions which  are  generally  recognised.  This  is  the  case  even 
in  regard  to  some  of  the  affections  met  with  in  every-day 
practice  ; in  the  disturbances  of  the  circulation  produced  by 
valvular  diseases,  for  example,  there  are  some  modifications 
of  the  blood  of  common  occurrence,  but  as  yet  insufficiently 
known  and  inadequately  explained.  More  particularly  is 
this  true  of  the  state  of  the  blood  in  the  cyanosis  of  congenital 
heart  disease,  which  presents  changes  which  have  from  time 
to  time  been  recorded,  but  have  not  yet  received  satisfactory 
elucidation.  A most  interesting  case  of  congenital  disease 
of  the  heart  has  lately  been  for  some  time  under  my 
observation,  and  from  the  clinical  features  presented  by  the 
patient  some  conclusions  have  been  forced  upon  me  to  which 
attention  will  in  this  paper  be  briefly  directed. 

A boy  aged  eight  years  was  admitted  to  the  Deaconess 
Hospital  on  Oct.  25th,  1894,  complaining  of  breathlessness  on 
exertion.  Both  parents  were  alive  and  had  always  been  healthy ; 
he  was  one  of  a family  of  eleven,  of  whose  members  two  sons 
had  died,  one  from  scarlet  fever  and  another  from  hydro- 
cephalus, but  the  remaining  six  sons  and  two  daughters  were 
in  good  health.  At  the  time  of  his  birth  the  patient  was 
apparently  a healthy  infant,  but  when  a few  months  old  he 
became  bluish  in  colour  and  had  always  since  been  delicate. 
He  had  an  attack  of  scarlet  fever  some  years  ago  from  which 
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he  recovered  perfectly.  On  admission  he  was  observed  to  be 
deeply  cyanosed ; the  skin  everywhere  was  of  a bluish  tint, 
the  lips  were  almost  black,  and  the  conjunctive  were  dusky. 
The  fingers  and  toes  were  markedly  clubbed,  and  the  nails, 
which  were  much  curved,  were  almost  black.  The  patient 
was  3ft.  9in.  in  height,  and  weighed  2st.  101b.  The  tempera- 
ture was  below  normal,  but  has  fluctuated  between  97°  and 
99°  F.  The  alimentary  system  showed  no  symptoms  of 
disturbance.  The  second  ‘dentition  was  in  progress.  The 
tongue  was  clean,  but  of  a very  dark  purple  colour.  The 
liver  exactly  reached  the  costal  margin  in  the  right  mam- 
millary line.  The  lnemopoietic  system  presented  some 
interesting  facts.  The  spleen  reached  to  the  mid-axillary  line, 
and  was  therefore  of  the  usual  size.  On  examination  of  the 
blood  with  the  haemoglobinometer  the  hemoglobin  was  found 
to  be  110  per  cent.  With  the  Thoma-Zeiss  hsemocytometer 
the  red  corpuscles  were  seen  to  be  8,470,000  per  cubic 
millimetre,  while  the  white  corpuscles  numbered  12,000. 
The  spectroscope  showed  the  characteristic  double  band  of 
oxyhemoglobin.  With  regard  to  the  circulatory  system,  the 
patient  on  any  exertion  became  much  more  cyanosed  and 
panted  violently,  but  when  lying  quietly  in  bed  showed 
much  less  cyanosis  and  almost  no  breathlessness.  On 
inspection  there  was  no  visible  pulsation  in  the  neck,  and 
in  the  precordial  region  there  was  no  impulse  save  the  apex 
beat  in  the  fifth  left  intercostal  space.  The  pulse  varied 
from  64  to  114.  The  vessel  was  rather  empty,  the  pressure 
low,  and  the  pulsation  regular.  No  thrill  was  felt  in  the  pre- 
cordia,  but  an  impulse  with  both  systole  and  diastole,  and 
the  apex-beat  was  determined  to  be  one  inch  and  three- 
quarters  from  the  mid-sternum.  On  percussion  the  borders 
of  the  cardiac  dulness  were  found  at  the  level  of  the  fourth 
costal  cartilages  to  be  one  inch  and  a half  to  the  right  and 
two  inches  and  a half  to  the  left  of  tthe  mid-sternal  line. 
A loud  rasping  murmur  was  heard  over  the  entire  precordia ; 
its  maximum  intensity  was  at  the  left  edge  of  the  sternum 
at  the  level  of  the  fourth  costal  cartilage,  and  it  was 
propagated  upwards  as  far  as  the  external  ends  of  both 
clavicles— to  the  right  as  far  as  the  mammilla,  to  the  left 
four  inches  beyond  the  mammilla  and  downwards  along  each 
costal  margin  to  the  same  extent — viz.,  two  inches  and  a half 
below  the  level  of  the  xiphoid  cartilage.  No  murmur  could 
be  heard  in  any  vessel.  The  thorax  was  distinctly  pigeon- 
breasted.  There  were  numerous  rhonchi  throughout  the 
chest,  but  otherwise  the  respiratory  system  presented  no 
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symptoms  requiring  notice.  The  respirations  numbered  24 
per  minute.  The  urine  was  pale  in  colour  and  acid  in 
reaction ; its  specific  gravity  was  1022.  It  contained  no 
abnormal  constituents.  The  integumentary  system  was, 
apart  from  the  high  degree  of  cyanosis,  not  distinguished  by 
any  special  characters,  and  the  nervous  system  was  in  all 
respects  normal.  Although  the  patient  had  never  been 
taught,  on  account  of  his  state  of  health,  he  was  an  intel- 
ligent and  observant  boy,  always  enjoying  high  spirits. 

The  diagnosis  of  the  cardiac  lesion  was  attended  by  some 
difficulty.  There  could  be  no  doubt  that  the  condition  was 
congenital,  for  although  the  cyanosis  only  showed  itself  after 
the  lapse  of  some  months  from  the  date  of  birth,  the  patient 
had  not  during  the  interval  suffered  from  any  acute  disease 
capable  of  causing  endocarditis.  In  this  respect  the  history 
of  the  case  is  in  accord  with  that  of  most  congenital  heart 
lesions.  The  maximum  intensity  of  the  murmur  being 
almost  in  the  tricuspid  area  might  favour  the  view  that  there 
was  regurgitation  at  the  right  auriculo-ventricular  orifice  ; 
but  such  an  explanation  is  negatived  by  the  absence  of  any 
venous  symptoms  in  the  neck.  On  the  other  hand,  the 
murmur  might  be  produced  by  obstruction  at  the  pulmonary 
orifice,  and  heard  with  greatest  intensity  over  a dilated  and 
hypertrophied  right  ventricle,  such  as  undeniably  is  present 
in  the  case  ; or,  again,  the  murmur  might  be  the  result  of  a 
communication  between  the  two  ventricles,  caused  by  a 
perforate  septum  ventriculorum,  allowing  a stream  of  blood 
to  flow  from  the  left  cavity  into  the  right,  and  thus  to  pro- 
duce over  the  right  ventricle  a systolic  murmur.  The  lesions 
probably  present,  judging  not  only  from  the  clinical  facts  of 
this  case,  but  also  from  the  experience  of  similar  cases,  are 
some  obstruction  at  the  pulmonary  orifice  and  an  imperfect 
ventricular  septum.  Such  is  the  provisional  diagnosis  of  the 
case. 

Attention  must  now  be  given  to  the  condition  of  the  blood. 
As  has  been  stated  in  the  brief  abstract  of  the  case,  the 
amount  of  haemoglobin  was  110  per  cent.,  and  the  number  of 
the  haemocytes  and  leucocytes  respectively  8,470,000  and 
12,000  per  cubic  millimetre.  In  another  patient,  a boy  aged 
two  years  and  four  months,  suffering  from  congenital  heart 
disease  (for  the  opportunity  of  observing  whom  my  thanks 
are  due  to  Dr.  John  Thomson),  the  haemoglobin  was  92  per 
cent.,  the  red  corpuscles  numbered  6,700,000  and  the  white 
corpuscles  12,000  per  c.mm.  The  number  of  the  blood  cor- 
puscles in  congenital  diseases  of  the  heart  appears  to  have 
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been  first  observed  by  Toeniessen,  who  found  in  a girl  aged 
ten  years,  with  congenital  pulmonary  stenosis,  7,540,000 
hsemocytes,  and  in  a boy  aged  thirteen  years,  suffering  from 
the  same  affection,  8,820,000  per  c.mm.  Since  his  observa- 
tions similar  facts  have  from  time  to  time  been  placed  on 
record.  Carmichael,  for  example,  in  publishing  a most 
interesting  case  of  congenital  heart  disease  recently,  states 
that  the  patient  had  8,100,000  red  corpuscles  and  16,000  white 
corpuscles  per  c.mm. 

Now,  before  entering  upon  the  question  as  to  how  such  an 
increase  can  be  produced,  it  may  be  well  to  recall  the  two 
diverse  explanations  of  cyanosis — the  one,  that  of  venous 
stasis,  originating  with  Morgagni  ; the  other,  that  of  a mix- 
ture of  the  arterial  and  the  venous  blood,  suggested  by 
Hunter.  Both  theories  have  been  supported  by  numerous 
observers  from  the  time  of  their  inception  until  the  present 
day,  but  the  preponderance  of  opinion  is  in  favour  of  the 
theory  of  Morgagni.  The  view  of  Hunter  may  be  said 
to  be  negatived  by  the  simple  facts  that  in  many  cases 
permitting  the  mixture  of  arterial  and  venous . blood 
there  is  no  cyanosis,  and  that  in  many  cases  of  cyanosis  there 
is  no  possibility  of  the  mingling  of  venous  and  arterial  blood. 
Starting  with  the  conception  that  cyanosis  is  produced  by 
obstruction  to  the  circulation  and  venous  stasis,  the  question 
now  arises  why  this  condition  should  be  associated  with  an 
increase  in  the  number  of  the  blood-corpuscles.  It  is  not 
only  in  the  cyanosis  of  congenital  lesionskthat  the  increase 
is  found,  but  in  all  cases  where  cyanosis  is  really  present  on 
account  of  failure  of  the  circulation.  To  this  point  Toeniessen 
and  Schneider  have  particularly  called  attention,  and  of  the 
accuracy  of  the  observation  anyone  can  convince  himself  by 
investigation  of  the  blood.  The  work  of  Malassez  seems  to 
show  that  the  blood  in  the  superficial  parts  of  the  body 
contains  a larger  number  of  red  corpuscles  than  that  from 
the  deeper  layers,  and  Penzoldt  and  Toeniessen  believe  that 
this  increase  is  caused  by  the  loss  of  fluid  from  the  surface, 
while  the  blood  of  the  interior  is  constantly  receiving  fluid 
from  the  alimentary  canal.  Even  if  this  be  correct,  it  cannot 
be  accepted  as  an  explanation  of  the  great  increase  in  the 
number  of  the  corpuscles  found  in  cyanosis,  as  it  would 
involve  the  postulate  that  in  some  cases  where  the  number  of 
corpuscles  is  nearly  doubled,  the  quantity  of  the  fluids  of  the 
blood  must  be  reduced  nearly  to  one-half.  Cohnheim  s cele- 
brated experiment  of  tying  the  crural  vein  of  the  frog,  which 
is  followed  by  a considerable  increase  of  the  corpuscles  in  the 
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vessels,  with  the  transudation  of  serum  into  the  surrounding 
tissues,  may  be  regarded  as  an  explanation  of  the  moderate 
increase  in  the  cases  accompanied  by  anasarca,  but  it 
has  no  special  bearing  upon  cases  of  congenital  cyanosis  in 
which  there  is  no  drain  of  fluid  into  the  tissues.  It  may 
possibly  be  held  that  in  such  cases  the  lymph  vessels  are 
unusually  active,  and  that  the  fluid  constituents  of  the  blood 
are  as  rapidly  absorbed  as  they  transude.  Such  an  opinion 
can  scarcely  be  seriously  entertained.  The  backward  pressure 
on  the  venous  system  which  causes  the  transudation  must 
tell  on  both  terminations  of  the  absorbents.  It  may  be 
admitted  freely  that  the  increased  pressure  on  the  peripheral 
veins  may  tend  to  raise  that  impelling  the  fluids  into  the 
commencement  of  the  lymphatics,  but  it  must  not  be 
forgotten  that  an  elevation  of  pressure  in  the  great  veins 
will  hinder  the  return  of  the  lymph  by  pressing  upon  the 
openings  of  the  lymph  vessels  into  the  veins.  It  is  probable 
that  the  increase  in  the  red  corpuscles  may  be  to  some 
extent  compensatory  in  cases  of  cyanosis.  To  say  this, 
however,  is  not  enough ; it  affords  no  rational  explanation 
of  the  process  by  which  the  increase  is  brought  about. 
Nature  does  not  work  by  such  direct  methods  as  would 
require  to  be  invoked  if  the  increase  of  the  corpuscles  were 
regarded  as  a simple  compensatory  change,  balancing  the 
diminished  power  of  oxygenation.  Compensation  in  valvular 
lesions,  for  example,  is  produced  by  the  definite  structural 
changes  constituting  hypertrophy,  caused  by  increase  of 
work,  and  compensation  in  cyanosis  must  have  some  reason- 
able explanation  also.  It  seems  to  me  that  such  an  explana- 
tion may  be  found  in  a consideration  of  the  functions  of  the 
red  corpuscles  under  changed  conditions.  In  venous  stasis  the 
corpuscles  are  insufficiently  oxygenated,  they  cannot  perform 
such  an  active  part  as  oxygen  carriers,  and  they  cannot  yield 
so  much  oxygen  to  the  tissues.  It  must  further  be  remembered 
that  in  cyanosis  there  is  less  metabolism  in  the  tissues, 
and  therefore  less  waste  produced.  In  a word,  the  functions 
of  the  corpuscles  being  lessened,  the  tear  and  wear  which 
they  undergo  is  reduced,  and  the  duration  of  their  individual 
existence  increased.  The  number  of  the  corpuscles  must  in 
this  way  be  proportionately  augmented,  and  this  must  lead 
to  the  numerical  increase,  as  well  as  to  the  high  percentage 
of  haemoglobin,  until  a balance  is  struck  between  the  pro- 
duction and  the  destruction  of  the  blood-corpuscles. 

It  is  a pleasure  to  express  my  warm  thanks  to  Dr.  J.  G 
Cattanach,  resident  medical  officer  to  the  Deaconness  Hos 


8 


pital.  for  his  unwearied  assistance  in  the  investigation  of 
the  blood  in  the  cases  to  which  reference  has  been  made  and 
in  the  examination  of  their  clinical  details. 
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